Summary. The macrophage content of amniotic fluid has been measured and the upper limit of normal on (1974) to make the antenatal diagnosis of a further case. The macrophage content of spina bifida and anencephalic amniotic fluids has been quantitated and compared with that from normal pregnancies.
Summary. The macrophage content of amniotic fluid has been measured and the upper limit of normal on an arbitrary scale is 41. Amongst 65 amniotic fluids collected for antenatal diagnostic studies before 22 weeks' gestation there were eight which had macrophage counts ranging from 82 to 6226, three of these were shown to have anencephaly and two spina bifida. The reasons for three apparently false positives are as yet undetermined. Rhesus iso-immunized amniotic fluids were found to have macrophage counts of up to 276 and a possible explanation for this is considered. It is argued that an elevated amniotic fluid macrophage count may indicate a CNS defect or possibly other fetal abnormality.
The finding by Sutherland, Brock, and Scrimgeour (1973) of large numbers of macrophages in the amniotic fluid from two cases of anencephaly has been used by Nelson, Ruttiman, and Brock (1974) to make the antenatal diagnosis of a further case. The macrophage content of spina bifida and anencephalic amniotic fluids has been quantitated and compared with that from normal pregnancies.
Materials and methods
Amniotic fluids were obtained by amniocentesis for antenatal chromosome studies, a-fetoprotein estimation, during the management of Rhesus iso-immunized pregnancies and at induction of labour in cases where the fetus was known to have anencephaly.
Amniotic fluid cultures were established as previously described (Sutherland, Grace, and Bain, 1973 Brock and Sutcliffe (1972) .
Results
The macrophage counts for the 94 fluids studied are shown in Fig. 1 . All the fluids classed as 'normal' had low macrophage counts (range 0-41), and there was no reason to suspect fetal CNS abnormality either because the infant had been delivered or because the amniotic fluid a-fetoprotein levels were not elevated. Four amniotic fluids from cases of hydramnios of unknown aetiology had macrophage counts within the normal range. A number of samples of amniotic fluid showing different degrees of blood staining had normal macrophage counts. Rhesus iso-immunized amniotic fluids had highly variable macrophage counts ranging up to 276. Where serial samples were obtained from these pregnancies the macrophage counts tended to decrease as gestation progressed.
Details of the cases with anencephaly or spina bifida are shown in Table I . In all except one of these fluids the macrophage count was elevated, Sutherland, Brock, Table II . There are three cases, listed as 'false positive' in Fig. 1 which are a problem in that they had elevated macrophage counts and normal a-fetoprotein levels. These pregnancies were allowed to continue and the one which had the highest macrophage count went into premature labour at 33 weeks' gestation and resulted in a normal male infant. The placenta showed multiple recurrent infarctions, there was a small succenturiate lobe and the cord had many false knots. The two other similar pregnancies are continuing.*
The possibility that interfering with the amniotic fluid cultures on the day after they have been set up may affect their success was tested by comparing the times required to achieve cytogenetic results from the first 25 normal cultures on which macrophage counts were performed (mean 13.0 days) with the 20 similar cultures studied before macrophage counts were being done routinely (14.5 days). In all cases where a cytogenetic result was required after macrophage counts had been performed this was achieved. It was not possible to differentiate between amniotic fluids with normal and raised macrophage counts (except in those cases where the macrophage count was grossly elevated) by direct inspection of the cultures with the inverted microscope. Quantitation of stained material was necessary for this purpose and its preparation did not prejudice the success of the cultures in any way.
Discussion
The antenatal diagnosis of anencephaly and spina bifida can be achieved with a high degree of success using amniotic fluid a-fetoprotein measurements (Lancet, 1974 (Sutherland et al, 1973a) and ultrastructural studies (G. R. Sutherland, unpublished observations) have shown that at least a proportion of them are. In the cases where there is an open CNS lesion there are two likely sources of the macrophages. The CSF is in free communication with the amniotic fluid and the CSF is known to contain macrophages (Greenfield and Carmichael, 1925; Chester, Penny, and Emery, 1971) . In these cases with open lesions there is considerable exposure of highly vascularized tissue, with only a membrane between the fetal circulation and the amniotic fluid; this should present little hindrance to the passage of circulating macrophages into the amniotic fluid. In the absence of a fetal lesion the origin of the macrophages is unclear, however cytological (Casadei et al, 1973) and ultrastructural (Hoyes, 1968 ) studies of normal amniotic fluid have revealed the presence of macrophages. The finding of increased macrophage counts in Rhesus iso-immunized amniotic fluids is of interest since an increase in placental macrophages (Hofbauer cells) has been described in this condition (Fox, 1967) . In the Rhesus iso-immunized fetus there is an increase in extramedullary haemopoiesis (Morison, 1961) , hence it is possible that an increase in circulating macrophages could be responsible for the increase in both the Hofbauer cells and the amniotic fluid macrophages. The mechanism of escape of the macrophages into the amniotic fluid is unknown but migration via the lungs and kidney tubules are possibilities.
There are a number of conditions which might lead to elevated amniotic fluid macrophage counts. Such conditions could include any fetal lesion which is not covered with skin, apart from the CNS defects exomphalos is one possibility. Conditions other than Rhesus iso-immunization in which there is increased extramedullary haemopoiesis such as the chondrodystrophies (Potter, 1961) and intra-uterine infection (Bain et al, 1956 ) might be expected to show an increase in amniotic fluid macrophages.
Macrophage counts would appear to be of value in two circumstances. Firstly, as an independent confirmation of an antenatal diagnosis based on afetoprotein levels; this may be particularly helpful if cr-fetoprotein levels are equivocal. Second, where ac-fetoprotein is not being routinely measured on amniotic fluids which are collected for other purposes a raised macrophage count would be a strong indication that a-fetoprotein levels should be estimated. There have been no false negative results in this series except for the unaccountable finding from the second sample from the twin pregnancy. Hence it appears unlikely that the macrophage count would be normal in cases of open fetal CNS defects. The main problem appears to be false positive results, the proportion of which will depend on the local incidence of CNS lesions. In the present series there were eight out of 65 amniotic fluids of less than 22 weeks' gestation examined blindly which had elevated macrophage counts and five of these proved to have open CNS lesions. Perhaps macrophage counts greater than 500 will prove to be diagnostic of anencephaly but at present it would be unwise to diagnose fetal abnormality on the basis of a raised macrophage count alone.
Further studies of the macrophages in amniotic fluid are required to assess fully the usefulness of this parameter in antenatal diagnosis. The false positives require special attention to try and determine whether they are of any significance. It may well be that a raised amniotic fluid macrophage count is a non-specific indication that all is not well with the fetus.
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